We have demonstrated that among carcass adipose tissue depots, brisket subcutaneous adipose tissue contains the greatest concentration of MUFA and lowest concentration of SFA. Therefore, we hypothesized that brisket subcutaneous adipose tissue depots would exhibit greater adipogenic gene expression over time than other major subcutaneous adipose tissue depots. Four Angus steers, each at 9, 12, 14, and 16 mo of age, were harvested and fresh subcutaneous adipose tissue samples were collected from over the brisket, chuck, rib, loin, sirloin, round, fl ank, and plate. Relative gene expression for C/EBPβ, PPARγ, carnitine palmitoyltransferase-1 beta (CPT-1β), stearoylcoenzyme A desaturase (SCD), AMP-activated protein kinase alpha (AMPKα), and G-coupled protein receptor 43 (GPR43) was analyzed by quantitative real-time PCR. Expression of C/EBPβ, PPARγ, and CPT-1β was greatest at 12 to 14 mo of age (all P < 0.0001) and declined to very low abundance by 16 mo of age in all depots. Expression of PPARγ and CPT-1β was greater (P < 0.03) in fl ank, rib, and sirloin subcutaneous adipose tissues than in brisket and round adipose tissues. The expression of the SCD gene did not differ among the 4 age groups (P = 0.95). The palmitoleic:stearic acid ratio (an estimate of SCD activity) was greater (P < 0.001) in the subcutaneous adipose tissues from brisket, plate, and round than in the loin, rib, and sirloin. Conversely, subcutaneous adipose tissue from the loin, rib, and sirloin had greater (P < 0.001) SCD gene expression than the brisket, plate, and round. In general, subcutaneous adipose tissues with the highest concentration of MUFA and least SFA consistently exhibited the least SCD gene expression and adipogenic gene expression. We conclude that MUFA in the brisket and other depots with large SCD indices were deposited before 9 mo of age, during a time when the subcutaneous adipocytes were highly differentiated.
INTRODUCTION
We recently demonstrated that high-oleic acid ground beef may reduce risk factors for cardiovascular disease (Adams et al., 2010; Gilmore et al., 2011) . Also, greater concentrations of oleic acid (18:1 n-9) are positively correlated with overall palatability (Westerling and Hedrick, 1979) , whereas increased stearic acid (18:0) is the primary determinant of fat hardness (i.e., lipid melting point; Smith et al., 1998; Wood et al., 2004; Chung et al., 2006b) . Therefore, increasing MUFA:SFA ratio potentially could increase healthfulness, palatability, and fat softness of beef.
Conversion of SFA to MUFA by the fatty acid Δ 9 desaturase accounts for the majority of MUFA in bovine muscle and adipose tissue (St. John et al., 1991; Jiang et al., 2008; Duckett et al., 2009 ). The Δ 9 desaturase is encoded by stearoyl-coenzyme A desaturase (SCD), which also is responsible for the conversion of trans-vaccenic acid to its corresponding CLA isomer, 18:2 cis-9, trans-11 CLA (Miyazaki and Ntambi, 2003) . Several studies have indicated that SCD gene expression is el-evated in adipose tissues containing a high concentration of MUFA (Archibeque et al., 2005; Chung et al., 2007; Duckett et al., 2009; Brooks et al., 2011) .
Subcutaneous adipose tissue overlying the brisket in beef cattle is especially enriched in MUFA (Turk and Smith, 2009) . We hypothesized that brisket adipose tissue has a greater extent of SCD gene expression, leading to greater SCD catalytic activity, than other bovine subcutaneous adipose tissue depots. Alternatively, the SCD gene would be expressed earlier in development in brisket adipose tissue than in other fat depots, leading to precocious deposition of MUFA. Therefore, the objective of this study was to document the expression of the SCD gene and other genes associated with adipogenesis and fatty acid metabolism in 4 different age groups of steers within the 8 subcutaneous adipose tissue depots in which we previously characterized differences in fatty acid composition.
MATERIALS AND METHODS
The experimental procedures were approved by the Texas A&M University Animal Care and Use Committee, Offi ce of Research Compliance.
Animals and Diets
Sixteen Angus steers were purchased as calves at weaning (∼8 mo of age; 234 ± 4 kg) and transported to the Texas A&M University Research Center at McGregor, TX. Steers were fed coastal bermudagrass hay (9.5% CP) free choice for 8 d before being adapted to a corn-based fi nishing diet over a 14-d period (Table 1) . Steers were blocked by BW and then assigned randomly to 4 sampling groups, with each group sampled after 7, 90, 150, or 210 d on feed.
Sample Collection
Cattle were processed at 9, 12, 14, and 16 mo of age; the steers sampled at 9 mo were fed the full fi nishing diet for ∼1 wk, whereas steers sampled at 12, 14, and 16 mo were fed the full fi nishing diet for ∼3, 5, and 7 mo, respectively.
At slaughter, 10 to 20 g of external adipose tissue samples were collected from the round, sirloin, loin, rib, chuck, brisket, plate, and fl ank. The samples were taken ∼15 min after slaughter, immediately after hide removal. All samples were collected from the same side of the carcass. The sample from the round was taken from the outside on the lower end. The sirloin subcutaneous adipose tissue was taken in the middle of the sirloin-short loin juncture. All the other subcutaneous adipose tissue samples were collected at the midpoint of each section. Samples were snap frozen in liquid nitrogen and stored at -80°C.
Fatty Acid Composition
Total lipids were extracted by a modifi cation of the method of Folch et al. (1957) . One hundred milligrams of adipose tissue were extracted in chloroform:methanol (2:1, vol/vol); and fatty acid methyl esters (FAME) were prepared, as described by Morrison and Smith (1964) , and modifi ed to include an additional saponifi cation step (Archibeque et al., 2005) . The FAME were analyzed using a Varian gas chromatograph (model CP-3800 fi xed with a CP-8200 autosampler; Varian Inc., Walnut Creek, CA). Separation of FAME was accomplished on a fused silica capillary column CP-Sil88 (100 m long × 0.25 mm i.d.; Chrompack Inc., Middleburg, the Netherlands, with helium as the carrier gas [fl ow rate = 1.2 mL/min]). After 32 min at 180°C, oven temperature was increased at 20°C/min to 225°C and held for 13.75 min. Total run time was 48 min. Injector and detector temperatures were at 270 and 300°C, respectively. In- dividual fatty acids were identifi ed using genuine external standards (Nu-Chek Prep, Inc., Elysian, MN). The palmitoleic:stearic acid ratio was calculated to provide an estimate of SCD activity.
RNA Extraction and Real-time Polymerase Chain Reaction
Total RNA was extracted with Tri Reagent (Sigma Chemicals, St. Louis, MO), as reported previously (Brooks et al., 2011) . The concentration of RNA was quantifi ed with a NanoDrop ND-100 Spectrophotometer (Thermo Scientifi c, Washington, DE). Quantitative realtime PCR (qPCR) was used to analyze the expression of C/EBPβ, PPARγ, carnitine palmitoyltransferase-1 beta (CPT-1β), SCD, AMP-activated protein kinase alpha (AMPKα), and G-coupled protein receptor 43 (GPR43). Primers used for qPCR are listed in Table 2 . The 40S ribosomal protein S9 (RPS9) was used as an endogenous gene expression control after determining that RPS9 cycle thresholds did not vary with animal age (P = 0.22) or across adipose tissue depot (P = 0.45). Other studies of bovine adipose tissue explants (Hosseini et al., 2010) and bovine liver (Janovick-Guretzky et al., 2007) also demonstrated that RPS9 mRNA expression was stable and suitable as a normalization gene under their conditions. Additionally, RPS9 was used as a normalization gene for the expression of genes in bovine muscle (Baxa et al., 2010; Chung et al., 2011) .
Complementary DNA were produced from 1 μg RNA using TaqMan Reverse Transcriptase Reagents (Applied Biosystems, Foster City, CA) and the protocol recommended by the manufacturer. Random hexamers were used as primers in cDNA synthesis. Measurement of the relative quantity of the cDNA of interest was carried out using TAMRA PCR Master Mix (Applied Biosystems), appropriate forward and reverse primers, and 1 μL of the cDNA mixture. Assays were performed in the GeneAmp 5700 Sequence Detection System (Applied Biosystems) using thermal cycling parameters recommended by the manufacturer (40 cycles of 15 s at 95°C and 1 min at 60°C). Titration of PPARγ, C/EBPβ, and SCD mRNA primers against increasing amounts of cDNA gave linear responses with slopes between -2.8 and -3.0. To reduce the effect of assay-to-assay variation in the qPCR assay, all values were calculated relative to a calibration standard run on every qPCR assay. Commercially available eukaryotic RPS9 DNA primers and probes were used as an endogenous control (Applied Biosystems; GeneBank Accession #X03205). The ABI Prism 7000 detection system (Applied Biosystems) was used to perform the assay using the thermal cycling variables recommended by the manufacturer (50 cycles of 15 s at 95°C and 1 min at 60°C). 
Statistical Analysis
Data were analyzed using the Mixed Model procedure (PROC MIXED; SAS Inst. Inc., Cary, NC) as appropriate for completely randomized designs. Main effects were age and subcutaneous adipose tissue depot, and the age × depot interaction was tested. Means were separated with the Duncan's multiple range test if their respective F-test indicated signifi cant differences (P < 0.05).
RESULTS

Carcass Weight and Adiposity
Steers gained >130 kg of BW between 9 and 12 mo of age, and gained 40 to 50 kg of BW over the subsequent 2-mo intervals (Table 3) . Adjusted fat thickness and KPH were greater at 14 mo of age than at 9 mo of age (P = 0.001) but were not different among steers sampled at 14 and 16 mo of age (P > 0.05). Marbling score differed between 9 and 12 mo of age and between 14 and 16 mo of age (P = 0.01).
Adipose Tissue Depot Fatty Acids and Gene Expression
There were signifi cant depot effects for all fatty acids except for α-linolenic acid and trans-10, cis-12 CLA (Table 4 ; data pooled over animal age). The trans-vaccenic acid (18:1trans-11) was least in brisket adipose tissue and greatest in chuck, fl ank, loin, and rib (P < 0.03). Palmitic and stearic acids were less in brisket than in other adipose tissue depots and palmitoleic, oleic, and cis-9, trans-11 CLA were greater in brisket than in other depots (P < 0.001). Palmitoleic acid was highly, negatively correlated with stearic acid (P < 0.001, R 2 = 0.72; Figure 1 ). Brisket adipose tissue contained >5 g palmitoleic acid/100 g total fatty acids and generally <10 g stearic acid/100 g total fatty acids.
There were signifi cant depot main effects for PPARγ, CPT-1β, and SCD (Table 4) . Relative gene expression for a-c Means without a common superscript differ (P < 0.05). Data are means for n = 4 steers at each time point.
1 Trace = 200; slight = 300; small = 400; modest = 500.
2 Standard = 200; select = 300; choice = 400. 1 ND = not detectable.
2 CPT1β = carnitine palmitoyltransferase-1 beta; AMPKα = AMP-activated protein kinase alpha; GPR43 = G-coupled protein receptor 43.
PPARγ was less in brisket, loin, plate, and round, and greater in fl ank, rib, and sirloin (P = 0.03). The greatest CPT-1β gene expression was observed in adipose tissue from the fl ank and sirloin, and the least abundance was in the brisket and round (P = 0.002). All fatty acids, except linoleic acid (18:2n-6) and trans-10, cis-12 CLA, changed with increasing time on feed (P < 0.001; Table 5 ; data pooled across depots). In general, adipose tissue SFA decreased with age and MUFA and cis-9, trans-11 CLA increased with age. The proportion of trans-vaccenic acid was greatest at 12 mo of age and the proportion of 18:2cis-9, trans-11 CLA was greatest at 9 mo of age. The palmitoleic:stearic acid ratio, an index of SCD activity, increased with time on feed in all depots (P < 0.001).
There were main effects of age for C/EBPβ, PPARγ, CPT1β, AMPKα, and GPR43 gene expression (Table  4) . Relative gene expression for C/EBPβ, PPARγ, and CPT1β were at very low abundance at 16 mo of age in all adipose tissue depots (P < 0.001), whereas SCD gene expression did not change with time on feed (P = 0.95). Expression of AMPKα mRNA declined slightly with age (P = 0.02) and the expression of GPR43 mRNA was very low between 9 and 14 mo of age but increased in adipose tissue samples taken at 16 mo of age (P ≤ 0.001). 1 SCD = stearoyl-coenzyme A desaturase; CPT1β = carnitine palmitoyltransferase-1 beta; AMPKα = AMP-activated protein kinase alpha; GPR43 = G-coupled protein receptor 43.
There were age × depot interactions for palmitoleic and stearic acids (interaction means not shown). Palmitoleic acid increased with age in all depots, except in brisket and chuck adipose tissues (P = 0.005), and stearic acid decreased with age in all depots, except in the brisket and chuck (P = 0.005). As a result of the significant age × depot interactions for palmitoleic and stearic acids, there was an age × depot interaction for the palmitoleic:stearic acid ratio (Table 5 and Figure 2A ). The palmitoleic:stearic acid ratio increased with animal age in all adipose tissue depots except the brisket and the chuck (P < 0.001). The palmitoleic:stearic acid ratio initially was approximately twice as high in brisket adipose tissue as in the other depots at 9 mo of age and remained greater at all sampling ages. The palmitoleic:stearic acid ratio was largest in the brisket plate and round (>0.7) and smallest in the chuck, loin, rib, and sirloin (<0.4; P < 0.001; Table 4 and Figure 2B ).
The age × depot interaction was not signifi cant for SCD gene expression (Table 5 and Figure 2C ). Expression of SCD mRNA in brisket, plate, and round was low at 9 mo of age and remained low at all sampling ages, whereas SCD mRNA expression was relatively high at 9 mo of age in the loin, rib, and sirloin, and remained increased at each sampling period. For this reason, main effects for depot for SCD gene expression were signifi cant (P < 0.001), with SCD gene expression greatest in adipose tissues from the loin, rib, and sirloin (>3.5), and least in the brisket, plate, and round (<1.5; Figure 2D ).
The only signifi cant age × depot interaction for gene expression was for CPT-1β (P = 0.005). Relative CPT-1β gene expression was greatest in sirloin and fl ank at 9 mo of age and declined with age ( Figure 3) . Expression of CPT-1β mRNA in brisket, chuck, loin, plate, and round was low at 9 mo of age but increased in chuck and plate adipose tissues to levels observed in the sirloin and fl ank by 12 mo of age. Expression of CPT-1β mRNA did not differ across depots at 14 or 16 mo of age.
DISCUSSION
In this study, we documented specifi c gene expression in a variety of subcutaneous adipose tissue depots over the period of time when this group of Angus steers was rapidly accumulating carcass adipose tissue. The genes C/EBPβ, PPARγ, CPT-1β, AMPKα, GPR43, and SCD were selected as genetic markers of adipose tissue differentiation. The C/EBP are involved in adipocyte proliferation, metabolism, and differentiation, and bind to promoter regions of adipogenic genes (Cao et al., 1991) , including PPARγ (Wu et al., 1996) . Similarly, PPARγ is required for proper adipose tissue development (Tontonoz et al., 1994) and is expressed abundantly in differentiating bovine adipocytes (Chung et al., 2006a; Grant et al., 2008) . The primary function of CPT-1β is the regulation of the entrance of long-chain fatty acids into the mitochondria (Bonnefont et al., 2004) .
In this group of Angus steers, the extent of adipose tissue accretion (estimated from KPH and adjusted fat thickness) was not different between 14 and 16 mo of age. Consistent with this, expression of genes associated with adipose tissue differentiation, C/EBPβ, PPARγ, and CPT-1β, declined markedly during this same period. This suggests that all of the adipose tissue depots sampled in this study were dedifferentiating by the last sampling period. However, not all gene expression declined between 14 and 16 mo of age. The expression of AMPKα and SCD was relatively constant between 9 and 16 mo of age, and GPR43 gene expression increased markedly between 14 and 16 mo of age.
As a cellular energy sensor, AMPKα inactivates energy-consuming processes, such as fatty acid biosynthesis, whereas it activates energy-producing processes, such as fatty acid oxidation (Hardie, 2007) . Brown et al. (2003) reported that acetate and propionate activate GPR43 (a cell surface receptor), with acetate having greater agonist activity. In response to activation by VFA, GPR43 activates cellular responses through a variety of secondary messenger cascades, such as AMPKα, which subsequently depress triacylglycerol turnover (Hardie, 2007) . Hong et al. (2005) indicated that GPR43 was highly expressed in isolated mouse adipocytes but less expressed in stromal-vascular cells. However, Wang et al. (2009) reported that GPR41 and GPR43 gene expression was not detected in bovine adipose tissues. This may have been due to the age at which the cattle were sampled because GPR43 mRNA was virtually undetectable in the current study until 16 mo of age. The fi nding that GPR43 mRNA was highly expressed in the older, fatter cattle suggests that all adipose tissue depots were less able to mobilize stored triacylglycerols, further accelerating the rate of fat accretion.
It should be noted that this experiment did not involve repeated measurements on the same cattle, which would have been impossible for sampling of all 8 depots. The 14-mo-old steers were extraordinarily fat, having 1 cm greater adjusted fat thickness than the 12-mo-old steers and greater KPH than the 16-mo-old steers. Expression of PPARγ and CPT-1β mRNA also was greatest in the 14-mo-old steers. It is possible that the 16-mo-old steers were unique in their very low expression of C/EBPβ, PPARγ, and CPT-1β mRNA, and relatively high expression of GPR43 mRNA. Regardless, the data suggest that at some point in production, bovine adipose tissue depots exhibit a measureable decline in adipogenic gene expression and a shift in their sensitivity to circulating VFA.
Our working hypothesis was that brisket adipose tissue would express SCD mRNA at high levels, based on our demonstration that brisket adipose tissue is highly enriched in MUFA (Turk and Smith, 2009 ; this study). Furthermore, we expected MUFA concentrations to increase over time in all adipose tissue depots. Previous research (Huerta-Leidenz et al., 1996; Rule et al., 1997; Chung et al., 2006b ) demonstrated that MUFA in subcutaneous adipose tissue increased with age in feedlot cattle. Overall, the palmitoleic:stearic acid ratio increased with age when data were pooled over the 8 depots, but brisket, with the largest palmitoleic:stearic acid ratio, exhibited no change over time. The lack of change in the palmitoleic:stearic acid ratio in brisket adipose tissue may have been caused by the low SCD gene expression and, putatively, low SCD activity.
Expression of the SCD gene differed across adipose tissue depots, but unlike many of the genes measured in this study, SCD mRNA expression did not vary with animal age. We previously reported that in Angus steers fed the same corn-based diet, SCD mRNA expression in subcutaneous adipose tissue overlying the loin did not change with time on feed, although SCD catalytic activity did increase with time on feed (Chung et al., 2007) . In an earlier study (Martin et al., 1999) , we reported that SCD mRNA in tailhead subcutaneous adipose tissue from Angus steers increased from 5 to 12 mo of age and then decreased from 12 to 15 mo of age and did not change thereafter. A recent study (Brooks et al., 2011) indicated a signifi cant decline in SCD mRNA between 12 and 16 mo of age (i.e., 4 and 8 mo on a corn-based fi nishing diet) in subcutaneous adipose tissue overlying the loin. Despite the decline in SCD gene expression, there was a signifi cant increase in MUFA (Brooks et al., 2011) .
We have proposed the use of the palmitoleic:stearic acid ratio as an index of SCD catalytic activity, based on the large, negative correlation between adipose tissue palmitoleic and stearic acids (Chung et al., 2006b; Smith et al., 2006; Turk and Smith, 2009 ). This was also demonstrated in the current study and indicates that the concentrations of palmitoleic and stearic acids in adipose tissue are coordinately controlled by SCD activity. Although the age × depot interaction was not signifi cant for SCD gene expression, the data were presented to indicate that SCD mRNA expression level was very low in brisket adipose tissue at 9 mo of age and remained low at every sampling period. It is apparent that, in this study, those adipose tissue depots with the largest palmitoleic:stearic acid ratio and greatest proportion of palmitoleic acid had the least SCD gene expression.
The low SCD gene expression in brisket adipose tissue may be related to its endogenous oleic acid or palmitoleic acid content. Preliminary studies from our laboratories have indicated that treatment of differentiating bovine preadipocytes with oleic acid strongly depresses SCD gene expression (K. Y. Chung, B. J. Johnson, S. H. Choi, and S. B. Smith, unpublished data) and palmitoleic acid may have the same effect. Thus, the increased oleic or palmitoleic acid content of the brisket, and also the plate and round, may have depressed SCD gene expression in situ.
It also is possible that subcutaneous adipose tissues overlying the brisket and round, and possibly the plate, had dedifferentiated earlier than the other adipose tissue depots. Brisket and round adipose tissues especially exhibited low levels of expression of PPARγ and CPT-1β mRNA. These data suggest that brisket and round adipose tissues, and perhaps adipose tissue overlying the plate, are more mature depots than the other adipose tissue depots. We previously demonstrated that tailhead subcutaneous adipose tissue develops initially as brown adipose tissue (Landis et al., 2002) and brown adipose tissue is unusually concentrated in MUFA (Chen et al., 2007) . Although not documented, brisket subcutaneous adipose tissue may also develop very early as brown adipose tissue, during which time it would have accumulated MUFA. It is apparent that, of the subcutaneous adipose tissues investigated, brisket adipose tissue initially had the largest palmitoleic:stearic acid ratio, which did not increase greatly over time, whereas the palmitoleic:stearic acid ra- Figure 3 . Abundance of mRNA for carnitine palmitoyltransferase -1 beta (CPT-1ß) in 8 subcutaneous adipose tissue depots of Angus steers sampled at 9, 12, 14, and 16 mo of age. The age × depot interaction was signifi cant (P < 0.001). Relative CPT-1ß gene expression l was greatest in sirloin and fl ank at 9 mo of age and declined with age. Expression of CPT-1ß in chuck and plate adipose tissues increased to levels observed in the sirloin and fl ank by 12 mo of age. Data are means ± SEM (n = 4). tio for the other adipose tissue depots increased as much as 100% between 9 and 16 mo of age.
We conclude that, contrary to our initial hypothesis, the large palmitoleic:stearic acid ratio of subcutaneous adipose tissue overlying the brisket was not associated with increased SCD gene expression. This was also was true for the plate and round. In future studies, we will quantify SCD catalytic activity in these adipose tissue depots to determine whether SCD activity is correspondingly reduced in brisket adipose tissue.
This and our previous study (Turk and Smith, 2009 ) have consistently demonstrated that the brisket and its overlying subcutaneous adipose tissue may provide manufacturers a raw material that is consistent with producing a high-quality beef product. This is true, even in relatively young steers, at a time when other adipose tissue depots have relatively elevated SFA contents.
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